Existing country-level and firm-level studies have shed light on the mechanisms driving the globalization of R&D investment by multinational enterprises. However, there is a lack of industry-level evidence on this issue, which is much needed for the robustness of the theoretical and conceptual framework developed from countryand firm-level studies. Therefore, this study examines the determinants of overseas R&D investment by multinational enterprises from a single country, the United States, using an industry-level panel dataset. This study covers U.S. multinational enterprises in seven two-digit-level North American Industry Classification System (NAICS) manufacturing industries in twenty-three countries over the period 1999-2008.
Introduction
Multinational enterprises (MNEs) are constantly looking for the most favourable conditions for the internationalisation of their activities along the value chain. Activities that were previously locally integrated and concentrated have increasingly been relocated to other countries, and R&D is undoubtedly one of them (Kaplinsky, 2000; Hummels et al., 2001; Hanson et al., 2005; Fujita & Thisse, 2006; Helpman, 2006; Roper et al., 2008; Lewin et al., 2009; Rugman et al., 2011; Castelli & Castellani, 2013) . Consequently, we observe deepening of globalization of R&D by MNEs (European Commission, 2011 , 2014 . According to the World Intellectual Property Report (2011), annual overseas R&D investment by U.S.-based MNEs increased from around USD 600 million in 1966 to USD 28.5 billion in 2006. In terms of absolute amount, high-income countries are still dominant locations of R&D activities by U.S.-based MNEs, accounting for about 80% of total overseas R&D investment. In terms of the increase in the share in global R&D, however, some high-performing East Asian economies, such as China, Malaysia, the Republic of Korea and Singapore, and also India, have experienced the most rapid growth in recent years.
Not only has the geographical spread of MNEs' R&D investment become much wider, the importance of MNEs in global R&D investment has grown as well. MNEs are responsible for a large and growing share of global R&D activities. In 2013, the world top 2500 R&D investors, which account for about 90% of global industrial R&D, continued to increase their investment in R&D by 4.9% to EUR 538.3 billion (European Commission, 2014) . Inward R&D-intensive foreign direct investment (FDI) is a powerful mechanism for international technology transfer and a key source of high-quality jobs, and enables host locations to integrate more advantageously into global value chains. Globalization of R&D by multinational enterprises creates an opportunity for countries below the world technology frontier to utilise this international source of knowledge (Carlsson, 2006; Saliola & Zanfei, 2009; Qu et al., 2013) . Therefore, competition among governments for MNEs' In contrast with the amount of evidence from country-level and firm-level studies, there is a lack of industry-level studies on the R&D globalization by MNEs. An industry-level study could significantly complement our understanding on the issue for the following reasons. Firstly, when trying to measure the technology-seeking motive of MNEs, country-level studies adopt aggregate country-level R&D variables such as R&D expenditure as a share of GDP and the number of patents normalised by the population size to reflect the domestic technological capability of a host country. However, as suggested by Cantwell et al. (2004) , Hansen and Lovas (2004) and Dosso and Vezzani (2015) , it is important to focus on firms in the same industry because knowledge spill-overs that are closely related to MNE's own knowledge base are more useful than less related knowledge. Using industry-level data, we make direct observation of the technological capability of the relevant industry and country where a multinational enterprise operates. Therefore, the results in this study complement country-level studies in answering whether the technology-seeking motive is a driver of R&D investment by MNEs. Secondly, firm-level study by Feinberg and Gupta (2004) uses country dummies to proxy for the effects of economy-wide factors such as institutional quality and abundance of researchers. The impact of these variables is of high policy interest since government policies could help adjust these economy-wide factors. However, values of these variables may change over time and could not be captured by country dummies. Therefore, this study takes into account changes of these economy-wide factors by using time-varying measures of these factors.
To preview the empirical analysis, this study uses a panel dataset of overseas R&D investment by U.S.-based MNEs during [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] , constructed at the two-digit level of NAICS. Since the U.S. is one of the countries on the world technology frontier, clarifying what drives the R&D investment of U.S.-based MNEs helps countries formulate effective policies to attract R&D investment of MNEs from other advanced countries as well. The paper is organised as follows. Section 2 provides a brief review of the current theoretical understanding about overseas R&D activities of MNEs. Section 3 examines the trends and patterns of R&D expenditure of U.S.-based MNEs. Section 4 presents the empirical specification and the econometric method. Section 5 reports and interprets the results of the baseline regression analysis and those of robustness checks. Section 6 concludes and summarizes the implications of the findings.
Motives and Determinants of Overseas R&D Investment
In this section, we first discuss the motives for MNEs' overseas R&D activities. We then examine the determinants of overseas R&D activities by MNEs. Both the motives and determinants will affect the outcome of MNEs' overseas R&D investment and will be incorporated in the regression analysis in Section 4.
Research on R&D globalization identifies two sets of motives from an MNE's perspective for overseas R&D investment. The first stems from the technology-seeking hypothesis, which argues that MNEs tries to capture knowledge internationally (Kuemmerle, 1999; Patel & Vega, 1999; Von Zedtwitz & Gassmann, 2002; Cantwell & Mudambi, 2005; Iammarino & McCann, 2013; Castelli & Castellani, 2013) . In order to remain at the global competitive edge, MNEs need to tap into various centers of knowledge and R&D around the world to renew their knowledge base and sustain their technological leadership. Globalization of R&D activities is a conscious strategy of technology-seeking MNEs that try to locate their R&D activities in a host country having an advantage in a certain area of technology, and to benefit from globally-dispersed reservoirs of knowledge (Jaffe www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 8, No. 2; 2016 Audretsch & Feldman, 1996; Branstetter, 2001; Keller, 2002; Von Zedtwitz & Gassman, 2002; Branstetter et al., 2006; Belderbos et al., 2008; Griffith et al., 2008; Shimizutani & Todo, 2008; Zhao & Liu, 2008) . New knowledge sourced from a host country helps develop technologies and products that serve, not only the host market, but also the home and the global ones (Cantwell & Mudambi 2005; Ambos et al., 2006) .
Research has shown that MNEs with overseas R&D subsidiaries use technology from foreign scientific communities more effectively and enjoy more inventive activities (Iwasa & Odagiri, 2004; Penner-Hahn & Shaver 2005; Naghavi & Ottabiano, 2009) . Increasing the number of FDI projects in R&D makes an MNE's entrance in the top R&D circle more probable and also reduces the probability of exiting from the circles. R&D internationalization provides companies with a sustainable competitive advantage in the race for the most substantial R&D investments and R&D global leadership and for the entailed economic and financial benefits (Montresor & Vezzani, 2015) .
The second motive stems from the technology-adaptation hypothesis. According to this hypothesis, R&D conducted by foreign affiliates can focus on the adaptation of home-developed technologies to respond to demand needs and consumer preference in foreign markets and thus increase sales in these markets (Dunning, 1993) . This type of R&D focuses on the exploitation and application of an MNE's home-based capabilities and technologies in a host country. According to Athukorala and Kohpaiboon (2010) , there are two elements to this hypothesis: distance and host country's market size. Longer distance of the host country from the home country can either increase or decrease the R&D intensity of affiliates of MNEs. Longer distance may intensify the need to conduct R&D for adaptation to the local market that has a different environment from home market. However, it may also increase market segregation, which increases the cost of FDI and hence decreases R&D investment of affiliates of MNEs since overseas R&D investment is part of FDI by MNEs. The impact of host country's market size on MNEs' local R&D effort can go either way as well. On the other hand, when MNE affiliates serve mostly the host market, i.e. when the host country is relatively large, the affiliates may be faced with specific demands for product features and technological inputs from the host country, and therefore need more technology adaptation and R&D effort. In this case, an affiliate located in a large host country market may have high R&D intensity (Kumar, 1996) . On the one hand, if MNE affiliates located in a host country produce for wider regional or global markets in addition to serving the host market, that is if the host market is relatively small, the MNE affiliates may feature a high R&D intensity because they conduct R&D activities to serve wider markets.
Human capital and institutional quality in a host country are two potential determinants of overseas R&D investment by MNEs since they are critical components of the investment environment for R&D activities. The attractiveness of a given country as a location for R&D activities may depend on how well the country meets the human capital requirements for undertaking R&D activities. MNEs favour countries endowed with a higher proportion of scientists, engineers or higher education graduates (Dosso & Vezzani, 2015) . Institutional quality may also matter if one views firm R&D decisions as responses to the -rules of the game in society‖ that structure incentives in economic activities (North, 1991; Tebaldi & Elmslie, 2008) . As basic rules in a market economy, institutions such as property rights (including intellectual property rights, i.e. IPR) protection and the effectiveness of contract enforcement affect corporate incentives for investments of all kinds, both in tangible and intangible assets. Guimón (2013) points out that developing countries tend to have weaker IP regimes and judicial systems, which may act as a barrier for the attraction of R&D by MNEs. While intellectual property rights protection laws and their enforcement provide necessary protection to the fruits of R&D (patent, copyrights, trademarks, etc.), broader institutions are complementary to R&D investment, especially during the post-R&D stage, and hence help realize the commercial values of R&D (Lin et al., 2010) . Therefore, both intellectual property rights protection and overall institutional quality could positively influence the R&D investment by MNEs. There is, however, counterargument to the importance of institutional quality. Zhao (2006) finds that MNEs use internal organization to substitute for weak IPR protection in countries with poor institutional environments and still benefit from conducting R&D in these countries. On balance, how institutional quality affects R&D by MNEs is uncertain.
Finally, FDI stock of the MNE affiliates in a host country may also be a determinant of R&D investment in the host country. FDI stock reflects the duration of MNE operations in a given country and also the significance of the host country as an investment location (Lipsey, 2000) . How FDI stock impacts on R&D investment reflects the evolving pattern over time of R&D activities in a host country. According to the theory of gradual development, MNEs pass through four stages in their globalization: (1) indirect export using trading companies (2) direct exports by creating local sales subsidiaries), (3) local production, and (4) consolidated exports (creating sales and production centers) (Dunning, 1993) . R&D activities are functions that MNEs ultimately www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 8, No. 2; 2016 transfer to a host country during the final stags of development, when globalization has reached its high point (Mudambi & Mudambi, 2005; UNCTAD, 2005; Motohashi, 2015) . Along this line of thought, FDI stock is expected to have a positive impact on R&D intensity. However, some authors argue that evolutionary models are inadequate to describe MNE strategies (Granstrand et al., 1993) . R&D intensive FDI may also occur as greenfield investment in which case FDI stock does not significantly influence the R&D intensity of MNE affiliates. Therefore, the direction of the influence from FDI stock is indeterminate.
A major contribution of this study is to examine the motives and determinants of MNEs' R&D globalization using industry-level data. The two important benefits of the industry-level analysis in this stdudy have been discussed in Section 1. While the findings from this study may corroborate or challenge existing country-and firm-level studies on drivers of R&D globalization, these findings fill an important gap in the empirical literature on R&D globalization and provides important comparisons with the above findings from country-level and firm-level studies. The comparison helps assess the robustness of the current theoretical and conceptual framework for R&D globalization, thus contributing to strengthening our knowledge on this issue.
Trends and Patterns of the Globalization of R&D by U.S.-Based MNEs
In order to set the stage for the regression analysis, this section surveys the trends and patterns of overseas R&D investment by U.S.-based MNEs. Data used in this section is from Bureau of Economic Analysis, the Department of Commerce (BEA). This dataset contains information about U.S.-based MNEs' R&D investment in a wide range of developed and developing countries and therefore provides an accurate gauge of the globalization of R&D by U.S.-based MNEs. In the regression analysis discussed in Section 4, due to the need to capture the technology-seeking motive with the industry-level R&D data, the regression sample is limited to 23 countries, of which industry-level R&D data are available from the OECD ANBERD Database. (Note 1) Before we perform regression analysis to examine the determinants of overseas R&D investment based on the experience of these countries, it is worthwhile to present a thorough picture of global R&D investment by U.S.-based MNEs in both developed and developing countries with the data from BEA.
Annual overseas R&D expenditure of U.S.-based MNEs more than doubled from around US$ 18 billion in 1999 to around US$ 42 billion in 2008. The share of overseas R&D expenditure in total corporate R&D expenditure increased from about 13% to 17%, which suggests that globalization of R&D by MNEs is an ongoing and deepening process. In terms of the industrial structure of R&D investment, the share of manufacturing's R&D expenditure in total R&D expenditure decreased from 84% in 1999 to 76% in 2008 and the share of manufacturing's R&D expenditure in overseas R&D expenditure decreased from 90% in 1999 to 76% in 2008, which suggests falling importance of the manufacturing sector in R&D activities (Table 1 ). The contraction of manufacturing's share of R&D expenditure mirrored the expansion of service's share of R&D expenditure, as shown in Table 2 . Service sectors such as -Wholesale trade‖, -Information‖ and -Professional, scientific, and technical services‖ became increasingly important recipients of U.S.-based MNEs' overseas R&D expenditure. Notwithstanding this trend of shifting towards service sectors, manufacturing's share of R&D is still dominant so far. The econometric analysis in Section 4 will be focused on the manufacturing industries due to the difficulty of making concordance between service sectors in International Standard Industrial Classification (ISIC) rev.3 used in the OECD ANBERD Database and service sectors in NAICS used in the data from BEA. Europe as a whole absorbed more than 67% of the overseas R&D investment by U.S.-based MNEs in 1999 and maintained this proportion in 2008. Germany and the U.K. were the two countries where R&D investment by U.S.-based MNEs was most concentrated. The Republic of Korea's share increased from 0.6% to 3% of the world total, while Japan's share fell from 8% to 5%. Both China and India have become more important as destinations of R&D investment from the U.S. in terms of the absolute scale, which is consistent with the findings in Moncada-Paternò-Castello, Vivarelli and Voigt (2011).
While share of R&D in a host country in total overseas R&D expenditure by U.S.-based MNEs informs us of one aspect of the global position of a host country, R&D intensity (R&D expenditure as a share of value-added) in manufacturing is an indicator of how technology intensive or R&D intensive the U.S-based MNEs in the host country are. The third and fourth columns of Table 3 present the R&D intensity (R&D expenditure as a share of value-added) of U.S.-based MNEs in the manufacturing industry of a country or region. The world average R&D intensity in manufacturing by U.S.-based MNEs increased from 5% in 1999 to 6% in 2008. R&D intensity by U.S.-based MNEs in Europe also grew from 6% to 7%. U.S.-based MNEs increased their R&D intensity in both the manufacturing sectors of the Republic of Korea and Japan, with the extent of growth of R&D intensity being larger in the former. Interestingly, unlike the absolute amount of R&D, R&D intensity of U.S.-based MNEs in India and that in China had different trends. India enjoyed an increase in R&D intensity of U.S-based MNEs from 2.3 % in 1999 to 12.9 % in 2008. China, in contrast, experienced a decrease in R&D intensity of U.S.-based MNEs from 9.6 % in 1999 to 6.5 % in 2008, which suggests that R&D investment may have not been able to keep pace with the output expansion of U.S.-based MNEs in China. R&D intensity is better than R&D shares as an indicator of the technology intensity of MNEs' operation. Therefore, in the regression analysis in Section 4, R&D intensity of U.S-based MNEs in the host country industry is adopted as the dependent variable of interest.
Apart from inter-country differences in R&D intensity, there are significant inter-industry differences in R&D www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 8, No. 2; 2016 intensity (Table 4) . The world average values of R&D intensity of -Food‖ and -Metals‖ are lowest and those of -Computers‖ and -Transports‖ are highest. These inter-industry differences in R&D intensity imply that industry-level data will be more suitable for examining the globalization of R&D of U.S-based MNEs than country-level data. 
Model Specification, Data and Econometric Method
From the discussion in Section 3, we have seen considerable inter-country and inter-industry differences in the R&D intensity of U.S.-based MNEs. In this section, the factors that contribute to the inter-country and inter-industry pattern of R&D intensity are formally tested. In this section, model specification will be presented. The reasons for the inclusion of the independent variables will be briefly explained, echoing the theoretical discussions in Section 2. Details on data and the econometric method will then follow.
The estimation equation is specified as follows:
( ) * * * * * * * * * (1) Or equivalently, * * * * * * * * *
where is the industry index, is the country index, is the time index.
The error term consists of a country-industry fixed effect and an observation specific error .
The independent variable is the R&D intensity of the affiliates of U.S.-based MNEs. Empirically, two measures could be used to proxy for the R&D intensity variable. One is the share of R&D expenditure in value-added, and the other is the share of R&D expenditure in total sales. Value added is a preferable measure of production because it indicates the extent to which a firm's sales result from its own production rather than from production that originates elsewhere, whereas total sales do not distinguish between these two sources of production (Mataloni, 1995) . Therefore, the regression results using the share of R&D expenditure in value-added as the independent variable are regarded as the main empirical results (Tables 8 and  9 ), while the regression results with the share of R&D expenditure in total sales as the independent variable provide robustness checks (Tables 10 and 11 ). Industry dummy and year dummy reflect how differences in global average R&D intensity of various industries and years influence the R&D intensity of U.S.-based MNEs. The inclusion of these two dummies is necessary because average R&D intensity differ across industries and time (Note 2).
Based on the technology-seeking hypothesis, the domestic technological capability of the relevant industry in the host country is an important consideration in MNEs' R&D location decision and is measured by R&D expenditure as a percentage of output (value added) in a given industry in a host country, i.e.
. If R&D investment of MNEs is partly driven by the technology-seeking motive, then a higher implies a higher , which is the R&D intensity of U.S.-based MNEs in industry of a host country in year . When the technology-seeking motive exists, the coefficient of is expected to be positive.
A major difference between this study and previous country-level studies is that industry-level R&D intensity of host countries instead of the country-level R&D intensity of host countries is adopted to capture the technology-seeking motive of U.S.-based MNEs. In this study, the R&D intensity measure of an industry in a host country is the share of industry R&D expenditure in the industry value-added.
Two variables are included to capture the importance of adapting products and production processes to suit domestic market conditions in determining inter-country and inter-industry variation in R&D intensity, or the technology-adaptation motive. They are the geographic distance between the U.S. and a given host country , and the domestic market orientation of U.S.-based MNE affiliates measured by the sales as a percentage of global sales . (Note 3) The share of sales in industry of country in global sales in industry is used to measure the relative market size of industry of country .
As discussed in Section 2, longer distance to the home country ( ) can either increase or decrease R&D intensity of foreign affiliates. The impact of domestic market orientation on local R&D effort can go either way as well. Therefore, the signs of the coefficients for these two variables are uncertain. Two variables are used to capture the conduciveness of the economic environment for R&D activities. They are researchers in R&D per www.ccsenet.org/ijef Table 5 with the expected signs of the coefficient of each variable given in brackets. the ratio of investment in research and development to the value-added by affiliates of U.S.-based MNEs in industry of country in year (two measures: R&D expenditure as a share of total sales; R&D expenditure as a s share of value-added) local_R&Dintensity ij,t (+) the ratio of investment in research and development to the value-added by business enterprises in industry of country in year salesratio ij,t (+) the ratio of sales in industry of country to the total sales in industry of the world. distance j (-or +) great-circle distance between the capital city of the given country to Washington DC investmentposition ij, t (-or +) the U.S. direct investment position abroad on a historical-cost basis in industry of country in year (dollars) insquality j,t (+) two measures: legal structure and property rights of county in year ; overall insitutional quality of county in year researchers j,t (+) number of researchers in R&D per thousand population Data compilation is composed of three parts. Firstly, I obtain respectively from the OECD ANBERD Database and the STAN Database for Structural Analysis the R&D expenditure and the value added in seven manufacturing industries. The business enterprise R&D expenditure is then divided by the value-added variable, which gives us the R&D intensity of each industry in each country. Secondly, the chain-linked summary index of institutional quality published in the Economic Freedom of the World database is used to proxy for the overall insitutional quality of an economy. (Note 4) This overall index measures institutional quality in terms of five criteria: (1) size of government, (2) legal structure and property rights, (3) access to sound money, (4) freedom to trade internationally, and (5) regulation of credit, labour and business. It ranges from zero to ten, with higher values indicating stronger institutional quality. The chain-linked sub-indicator for the second area -legal structure and property rights‖ is also used as a measure of institutional quality in the regression analysis. This is because property rights protection itself has received much attention in the literature about FDI and the literature about firm R&D activities. The sub-indicator is also on a scale of zero to ten.
Thirdly, the number of researchers in R&D per thousand population is obtained from the World Development Indicators. Fourthly, distance is measured as the great-circle distance between the capital city of the given country to Washington DC. Lastly, the previous four variables are merged with the direct investment abroad data of majority-owned nonbank foreign affiliates from the U.S. reported by BEA. The dependent variable ( ) and the two explanatory variables ( , ) are from this database.
Twenty-three countries and seven manufacturing industries are covered in the final sample, which is a compilation of six data sources. The seven industries are -Food‖, -Chemicals‖, -Metals‖, -Machinery‖, -Computers‖, -Electrics‖ and -Transports‖. Bureau of Economic Analysis follows North American Industry Classification System (NAICS) when reporting the data on direct investment abroad for majority-owned nonbank foreign affiliates. In order to use the R&D information in the OECD ANBERD database, which follows the International Standard Industrial Classification rev. 3 (ISIC rev.3), I correspond NAIC with ISIC rev.3, which requires some industries under ISIC rev.3 to be grouped into the seven industries used in the final sample.
The time period of this study is from 2000 to 2008. This time period is chosen because BEA compiled consistent data on direct investment abroad by U.S. multinational enterprises based on NAICS for this period. According to the BEA website, there is a discontinuity in the time series at 1999 where the industry classifications are changed from Standard Industrial Classification (SIC) to the North American Industry Classification System (NAICS). Besides this problem, the institutional quality measures used in this study are only available for each year from the year 2000 onwards. These two conditions lead to the choice of the years 2000-2008 as the time period.
The inclusion of the lagged dependent variable on the right hand side of Eq. 2 creates a dynamic structure. Under this structure, the error term, which includes country-industry fixed effects, may co-vary with the lagged dependent variable. Hence, an Ordinary Least Square (OLS) estimator will be inconsistent. A fixed-effect estimator is also biased since within transformation will make the transformed error and lagged dependent www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 8, No. 2; 2016 variable correlated. Also, the two variables and may be endogenous. (Note 5) Therefore, instrumental variables are required to deal with this problem as well as the endogeneity of other explanatory variables.
A consistent estimator under these circumstances is the system GMM estimator (Blundell & Bond, 1998) . Holtz-Eakin, Newey, and Rosen (1988) and Arellano and Bond (1991) first proposed the difference GMM estimator. Later, Blundell and Bond (1998) augment Arellano-Bond (1991) with an additional assumption that first differences of instrumenting variables are uncorrelated with the fixed effects, which then allows the introduction of more instruments and can dramatically improve efficiency. The -system GMM estimator‖ that combines the variables in differences and levels also has better asymptotic properties. By using internal instruments (lagged variables and differenced variables), the dynamic panel estimation applied in the analysis allows for the likely weak endogeneity of the main regressors.
I apply the two-step system GMM estimator, which is asymptotically more efficient than the one-step estimator in the presence of heteroskedasticity of the error terms (Roodman, 2006) . Also, to avoid downward bias of the two-step standard error, the robust standard errors proposed by Windmeijer (2005) are adopted. Whether the GMM estimator is consistent or not crucially depends on the validity of the instruments. To ensure this is the case in the specification, I conduct three specification tests: tests of over-identifying restrictions based on Hansen J Test and Sargan Test, and the Arellano-Bond test for second-order serial correlation in the error term (Wooldridge, 2002; Roodman, 2006) . The autocorrelation test and the robust estimates of the coefficient standard errors assume no correlation across individuals in the idiosyncratic disturbances. Time dummies and industry dummies make this assumption more likely to hold since the correlation due to the common time trend and industry trend is captured. Therefore, time dummies and industry dummies are included in the specification.
Results
Summary statistics of the variables used in the regression analysis are shown in Table 6 . The OLS estimation result using overall institutional quality measure is reported in Table 7 for comparison with the main results in Tables 8 and 9 . The main regression results presented in these two tables are obtained using the sub-indicator of legal structure and property rights and the overall institutional quality measure, respectively, to reflect the effect from institutional quality on R&D intensity. It is observed that the result of the OLS estimation is close to the results of the system GMM estimation. Table 8 shows that the coefficient of is positively signed and statistically significant at the 1% level. This result is consistent with the technology-seeking hypothesis that U.S.-based MNEs may increase R&D intensity to absorb knowledge in the host economy. This provides evidence in support of the technology-seeking motive behind the R&D investment of MNEs. The coefficient of is 0.073, which means that, ceteris paribus, a 1% increase in the R&D intensity of the industry in the host country is, on average, associated with a 0.073% increase in the R&D intensity of U.S.-based MNEs in the industry of this country. Note that a 0.073% increase is not small relative to the mean R&D intensity of U.S.-based MNEs, which is equal to 1.1% (Table 8) .
To examine the technology-adaptation motive, we need to look at the variable , which proxies for market size, and the variable , which measures geographical distance. The coefficient of is positive and significant at the 5% level. The coefficient of is 0.93, which implies that, ceteris paribus, a 1% increase of the share of market will increase the R&D intensity of U.S.-based MNEs by 0.93 %. This finding supports the hypothesis that market size is important for the return to R&D investment and hence larger market size tends to accommodate more intensive R&D activities. Geographic distance is not found to be significant in explaining the R&D intensity of U.S.-based MNEs. The insignificance of geographic distance is consistent with the finding in Athukorala and Kohpaiboon (2010) .
As for the role of human capital, the variable is found to exert a positive influence on the R&D intensity of U.S.-based MNEs and is significant at the 1% level. Ceteris paribus, for each additional researcher in a thousand people, R&D intensity of U.S.-based MNEs increases by 1.1%. This is consistent with the hypothesis that abundance of available researchers is a main driver of multinational R&D investment. FDI stock ( ) is found to be negatively associated with the R&D intensity of U.S.-based MNES and is significant at the 10% level, which implies that R&D investment is not a process where the production units already located in the country become more and more engaged in R&D over time and gradually enhance the quality and scope of their R&D. As to the institutional quality in terms of legal structure and property rights, it is found to exert a negative impact on R&D intensity of U.S.-based MNEs and is significant at 10% level. The negative relationship holds when Mexico, the only developing country is dropped out of the sample (Note 6).
In Table 9 , the overall institutional quality is adopted and the results are similar to those in Table 8. In Tables 10  and 11 , the independent variable is the share of R&D expenditure in total sales. I apply the same econometric model and the results are largely consistent. However, unlike the results in Tables 7 and 8 , the institutional quality variable is not significant at the 10% level in Tables 10 and 11 . But the coefficients of host country R&D intensity, ratio of local sales to world sales and the number of researchers are still all positively signed and significant at the 5% level. Vol. 8, No. 2; 2016 that the moment conditions are valid at the 10% confidence level. This result indicates that the estimations are not subject to substantial endogeneity bias. Furthermore, the Arellano-Bond test for autocorrelation in first differences, which has a null hypothesis of no autocorrelation, is performed on the regression. The test result, as reported in Table 8 , cannot reject the non-presence of second order autocorrelation in all the regression at conventional confidence levels. These three specification tests point out the validity of internal instruments and the assumption of zero autocorrelation of error term, thus testifying to the validity of the estimation results.
We have seen the results based on the empirical specification in Eq. 2 and the system GMM estimator, which considers both the lagged dependent variable and the endogeneity of the independent variables. However, if one takes a close look at the R&D intensity of U.S.-based MNEs, it is seen that a number of industries report zero value of R&D intensity (Table 4) . To confront this issue, the random-effect Tobit estimator is performed on the following specification: * * * * * * *
The result of the estimation is presented in Table 12 . The coefficients of host country industry R&D intensity, market share of host country industry and number of researchers per population in the host country are still positive and significant, which are consistent with the findings based on the system GMM estimator of Equation 3. (Note 7) However, under Tobit estimation, distance becomes positive and significant at the 5% level and FDI stock becomes insignificant, which is different from the previous conclusions. Like the case in Tables 10 and 11 , institutional quality is not significant here. Therefore, the random-effect Tobit estimation strengthens the findings about the technology-seeking and the technology-adaptation motives and about the positive impact of human capital. Yet the roles of FDI stock, geographical distance and institutional quality are less clear and robust 
Conclusion
Multinational enterprises continue to expand their R&D activities outside their home countries in response to competitive pressures and an increasingly global trade and investment environment. With proper policies that facilitate diffusion of technologies and knowledge from foreign affiliates, host countries can link MNEs' R&D activities with local innovation systems to enhance domestic innovation capabilities. For government to formulate sound policies to attract R&D by MNEs, understanding the drivers of R&D globalization is a critical step.
By focusing on the R&D investment by U.S.-based MNEs in seven manufacturing industries of twenty-three countries, this study examines the drivers of overseas R&D investment by U.S.-based MNEs during the period 2000-2008. The empirical findings suggest that technology-seeking motive is important since higher level of R&D intensity in the relevant industry of the host country induces higher level of R&D intensity of MNEs. Technology-adaptation motive is significant as well since MNE subsidiaries in larger markets are found to be more R&D intensive. Access to an abundant pool of researchers enhances the R&D intensity of MNEs. These findings point to the need for policies that strengthen domestic R&D stock, enhance human capital endowment and support a domestic market that is open to the world in order to attract overseas R&D investment by multinational enterprises.
The roles of institutional quality, investment position of MNEs, and geographical distance, are not found to be www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 8, No. 2; 2016 robust. While institutional quality of the host country doesn't significantly affect the R&D intensity of U.S.-based MNEs in the sample used in this study-one that is largely composed of developed countries-it is possible that institutional quality will matter more when more developing countries are included and the variation in the institutional quality of host countries becomes greater. Alternatively, the insignificance of institutional quality may suggest that while low institutional quality expose MNEs to higher risks and therefore discourage R&D activities, MNEs may avert the risks in low institutional environment by strengthening internal organization. The insignificant result of the investment position suggests that MNE globalization may not follow an evolutionary model from production to R&D activities, and MNEs may engage in R&D activities even when there are relatively few production activities in a host country. This bodes well for host countries that hope to attract R&D by MNEs and have not yet had much existing FDI. The insignificance of geographical distance implies that both mechanisms discussed in Section 2 are at play. Longer distance intensifies the need to conduct R&D for technology adaptation to the local market and also incurs higher cost of FDI and decreases R&D investment by MNEs.
Besides identifying the drivers of R&D globalization as discussed above, this study contributes by filling an important gap in empirical evidence on this issue. While existing country-and firm-level studies have enriched our understanding, industry-level evidence on this issue, however, is scarce. Since knowledge spill-overs that are closely related to MNE's own knowledge base are likely to be more useful than less related knowledge, it is important to make direct observation of the technological capability of the relevant industry and country where the multinational enterprise operates. Therefore, the results in this study complement existing studies in examining whether the technology-seeking motive is a driver of R&D investment by MNEs. Overall, the findings are consistent with the existing country-and firm-level studies and thus strengthen the understanding emerged from the extant literature.
In the future, a worthwhile effort is to extend the industry-level sample to include more developing countries when data become available. Given the increasing share of developing countries as destinations of overseas R&D investment, this extension may reveal important and novel mechanisms underlying the globalization of R&D by MNEs.
